The discovery in 1983 of fungal "ligninases" capable of catalyzing the peroxidation of nonphenolic aromatic lignin components has been seen as a major advance in understanding how certain basidiomycete fungi can completely degrade lignin. The ability of these lignin-type peroxidases to convert millimolar concentrations of veratryl alcohol to veratraldehyde, indicated by a change in the A310 of veratraldehyde, has become the standard assay for routine quantitation of LP activity. A new assay based on the oxidation of micromolar concentrations of the dye Azure B is presented. Although it is as simple and rapid as the veratryl alcohol assay, it appears to overcome some of the shortcomings of that assay. In particular, interference from UV-and short-wavelength visible-light-absorbing materials is greatly reduced and assay specificity is improved.
veratryl alcohol to veratraldehyde, indicated by a change in the A310 of veratraldehyde, has become the standard assay for routine quantitation of LP activity. A new assay based on the oxidation of micromolar concentrations of the dye Azure B is presented. Although it is as simple and rapid as the veratryl alcohol assay, it appears to overcome some of the shortcomings of that assay. In particular, interference from UV-and short-wavelength visible-light-absorbing materials is greatly reduced and assay specificity is improved.
The discovery in 1983 of fungal lignin-type secreted peroxidases (lignin peroxidases [LP] ) (13, 34) has been heralded as a major advance in understanding how the white-rot basidiomycetes degrade lignin. LP has now been found in many (but not all) white-rot fungi and in certain procaryotes (31) . The initial detection and quantitation of LP activity were made by oxidation of a 1-0-4 model compound (34) . Later, a gas chromatographic assay of the ethylene released by the one-electron oxidation of 2-keto-4-methiolbutyric acid (KMB) by Phanerochaete chrysosporium LP was used. However, p-0-4 model compounds must be synthesized, and the KMB assay is considerably more laborious than most cuvette-spectrophotometer assays. As a result, when a simple assay based on the oxidation of veratryl (3,5-dimethoxybenzyl) alcohol (VA) to veratraldehyde was introduced in 1984 (35) , it was widely adopted. To date, nearly all of the hundreds of articles appearing on the subjects of LP, ligninolytic activity, and white-rot basidiomycetes have employed some variation of the VA assay for routine quantitation and detection of LP activity.
LP activity can also be detected by cleavage or oneelectron oxidation of a wide variety of nonphenolic diarylpropanes (13, 15, 35) , ,3-0-4-linked lignin model compounds (15, 35, 37) , other methoxybenzenes (19, 20) , aromatic ring cleavages (17, 25, 37) , and Ca-Co cleavages (15, 17, 34) .
However, since these methods generally offer increased complexity and no apparent advantages, VA oxidation has remained the universal assay. Certain polymeric dyes have been employed as LP or lignin degradation indicators in multiday cultures (12, 14) , and radiolabelled CO2 or soluble materials released from natural and synthetic lignins and lignin models likewise have been used for specific purposes (21, 29) , but both methods are too slow, cumbersome, or expensive to be used as routine assays. The best existing alternative is probably the original KMB-ethylene assay since it is very sensitive and can be used in turbid or UV-absorbing samples where the VA assay is useless.
However, it is slower, short-term rates cannot be monitored, and a number of oxidants other than LP are known to oxidize KMB, releasing ethylene. These oxidants include liver microsomes and normal liver metabolic systems (10, 24) , an Mn2+-phenol-pyrophosphate-SO32-system (39), singlet oxygen (23) , H202 and ascorbic acid (8, 9) , Mn3+ chelates (3a), UV light (23) , and, most notably, hydroxyl free radicals (.OH) for which ethylene production from KMB is frequently employed as an assay (5, 8, 23) . Previous work has also shown KMB oxidation to be characteristic of active cultures of Trametes versicolor (but not of eight nonligninolytic fungi), even when no LP could be detected by other assays (2, 4) .
Assays employing VA are, in contrast, simple and rapid and enable one to easily monitor reaction rates and the effect of additions on rates. However, VA assays have the following shortcomings: (i) veratric radical intermediates and the product veratraldehyde may be reduced by many fungal or medium components concomitant with the peroxidative oxidation of VA; (ii) measurement is at 310 nm, a wavelength at which phenolics and other aromatics typical of fungi and lignin-containing materials absorb very strongly, making assays in complex systems difficult; (iii) optical dispersion is high at 310 nm, making the assay much more sensitive to turbidity than one measuring in the visible range; (iv) the assay has a relatively low sensitivity; (v) an interfering substrate (methyl-3-methoxy-4-hydroxybenzoate) is found in some commercial VA preparations (36) ; and (vi) at least some white-rot basidiomycetes secrete nonperoxidizing flavin-cofactored VA oxidases (VAO), which also oxidize VA to veratraldehyde (6, 16, 26, 27) .
Work on the mechanisms of biological bleaching of kraft brownstock by T. versicolor made the deficiencies of the VA assay very obvious; therefore, on the basis of earlier reports of the use of N-limited P. chrysosporium and LP to degrade azo and heterocyclic textile dyes in industrial wastes (11, 30) , a survey of potential assay substrates was performed. This report describes the result, i.e., a new rapid cuvette assay for LP proteins which lacks many of the problems of VA-based assays.
MATERIALS AND METHODS
Enzyme assays. The VA assay for LP used 50 mM Na tartrate buffer (pH 2.5 or 4.5)-0.1 mM H202-2 mM VA in a 1.0-ml reaction volume, and activity was monitored at 310 nm (35 The 3,3'-diaminobenzidine assay for peroxidatic activity used 50 mM Na phosphate (pH 7.0)-1.0 mM 3,3'-diaminobenzidine-2.0 mM H202 in a 1-ml volume, and the activity was monitored at 482 nm. T. versicolor laccase was quantitated in 1 ml of 100 mM Na acetate buffer (pH 5.0) containing 1 mM 2,2'-azino-bis-(3-ethyl benzthiazoline)-6-sulfonate and measured at 420 nm (38) . Pleurotus VAO was measured in 1.0 ml of 50 mM Na tartrate buffer (pH 5.0) with 1 mM VA (6) . All assays, and isobestic point and absorbance peak determinations were done at 25°C by using a Perkin-Elmer X3 UV-visible scanning spectrophotometer, calibrated for wavelength with a holmium oxide filter and for absorbance by using Gilford 202 OD standards at 550 nm. Most enzyme assays were run on a chart recorder at a full scale of 0.20 OD unit (200 milliabsorbance units).
The manganese peroxidase (MnP) assay (total volume, 1.0 ml) contained 0.2 mM MnSO4, 0.1 mM H202, and 0.0025% phenol red, all in 50 mM buffer (pH 4.5). Buffers employed were sodium malonate, sodium tartrate, sodium oxalate, and a mixture of 25 mM sodium lactate and sodium succinate. The reaction was monitored at 431 nm (22) .
Enzymes. T. versicolor LP was a mixture of at least three isozymes prepared from T. versicolor 52 (dikaryon) (ATCC 20869). The fungus was grown on a simple defined medium (TDM) (2) containing 0.1% Tween 20, limiting N (as NH4C1), and high 02 with slow shaking (70 rpm) for 15 days in 1-liter aliquots in 2.8-liter Fembach flasks. The LP in the supernatant was bulk adsorbed to DEAE-Bio-Gel equilibrated with S mM Na succinate buffer (pH 5.5), the gel was poured into a column and washed with the same buffer, and then peaks were eluted with a 0 to 0.5 M NaCl gradient. LP activity was concentrated, desalted, and run onto a Mono-Q (Pharmacia) column with the same buffer, and peaks were eluted on a 0 to 0.5 M NaCl gradient. LP peaks were pooled, desalted, and concentrated by ultrafiltration and then stored in small aliquots at -20°C. This final preparation showed a prominent 407-nm Soret absorbance and contained three major LP peaks, no MnP, and traces of laccase activity. P. chrysosporium 439 (from ATCC 20696) LP was induced on a simple defined medium (2) by using conditions similar to those used for T. versicolor, and the supernatant was filtered (pore size, 0.45 p.m), dialyzed against water, and concentrated. This crude preparation retained good activity for at least several months at 4 and 20°C. A second P. chrysosporium LP preparation was obtained commercially. VAO I and II were purified as previously described (6) (Fig. 3) . Since a relatively highenergy oxidation is required to oxidize KMB, it is not unreasonable to presume that the proximal veratryl oxidizing species reduced by KMB will also be reduced by many biological molecules and that therefore the Azure B LP assay will be less affected by many reductants interfering with the VA-based assay.
The optimal concentrations of the two LP substrates, H202 and Azure B, employed in the assay were determined (Fig. 4) . The concentration of H202 used previously in the VA assay (100 ,uM) proved to be entirely satisfactory, as did the initial concentration of Azure B (32 ,uM) .
Reducing the Azure B concentration from 32 to 4 ,uM had no effect on the initial reaction rate, indicating that the with the assay via adsorption. Samples should therefore be centrifuged or filtered before assay unless the solids present are known to not adsorb Azure B.
Repeated pulsing of the assay buffer containing 32 ,uM Azure B plus LP with 2 p,M H202 showed that the apparent Km (H202) for a mixture of three T. versicolor LP isozymes was 0.5 ,uM, and that for each nanomole of H202 consumed, 0.98 nmol of Azure B disappeared. Thus, one H202 was consumed, two water molecules were produced, and two electrons were abstracted per unit of Azure B oxidized.
Since peroxidases are typically one-electron-abstracting oxidants, the oxidation reaction has at least two steps. The LPs are not necessarily involved in both oxidative steps or in all of the H202 consumption. Since such a multistep reaction, especially one involving aryloxy radical intermediates, might be expected to have an enzyme concentration-reaction rate relationship other than 1:1, the response of the assay to increasing amounts of P. chrysosponium and T. versicolor LP was examined (Fig. 5) . Curvature of the initial reaction rate lines for Azure A, B, and C dyes showed that the greater the LP activity present, the higher the apparent turnover number (specific activity) of the enzymes. 
